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© Keyhole limpet hemocyanin composition with enhanced anti-tumor activity against bladder cancer. 



© The present invention is directed to a stabilized 
keyhole limpet hemocyanin (KLH) composition in 
which (i) its intact non-degraded subunit is approxi- 
mately 400,000 in molecular weight based on SDS- 
PAGE analysis; and (ii) are contained at least about 
50% didecameric or higher KLH multimers, based 
on sedimentation-equilibrium and/or sedimentation- 
velocity ultracentrifugation analyses. The KLH com- 
position is stabilized at 4° C by dissolving and stor- 
ing it in an isotonic buffer preferably containing 
calcium and magnesium. It is critical that the KLH 
not have been frozen or lyophilized during its prep- 
aration or storage. The KLH composition demon- 
^ strates enhanced immunogenic activity, particularly 
CD enhanced anti-tumor activity, which is reduced if the 
£J KLH is frozen or lyophilized. The KLH composition of 
the present invention exhibits enhanced anti-tumor 
T- activity in a murine bladder tumor model and there- 
by represents a new and useful anti-tumor im- 
munotherapeutic anti-bladder cancer. 
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FIELD OF THE INVENTION 

The present invention relates to a keyhole lim- 
pet hemocyanin (KLH) composition that has en- 
hanced immunogenic properties, particularly en- 
hanced anti-tumor activity against bladder cancer. 
Specifically, the present invention relates to an 
immunogenic agent comprised of KLH formulated 
to contain >50% didecameric or higher KLH mul- 
timers that range in molecular weight from approxi- 
mately 8-10 million. The immunogenic agent is 
useful as a cancer therapeutic agent and as an 
adjuvant or carrier protein. 

For decades it has been known that 
hemocyanins are among the most potent of im- 
munogens. Keyhole limpet hemocyanin (KLH; from 
the primitive gastropod mollusc, Megathura 
crenulata) has been among the most widely used 
and thoroughly studied of these (1-4). Thus, a 
single subcutaneous injection of KLH, without ad- 
juvant, will elicit a strong antibody response in 
virtually 100% of animals, including humans. 

There are a variety of well-known methods for 
purifying KLH, including differential centrifugation 
(5), gel-permeation chromatography followed by 
ion-exchange chromatography (2) and differential 
centrifugation followed by gel-permeation 
chromatography (6). Purified KLH that is commer- 
cially available typically has been either frozen or 
lyophilized after purification. 

The solution structure of KLH and other mol- 
lusc hemocyanins has been studied extensively (7- 
10). Thus, it is known that KLH contains glycosylat- 
ed polypeptide subunits with a molecular weight of 
400-500,000 that assemble to form decameric (10- 
mer), didecameric (20-mer), and larger particles. 
These multimeric structures have been character- 
ized by ultracentrifugation techniques that yield 
sedimentation coefficients of 11-19S for the dis- 
sociated subunits and 92-1 07S for the didecameric 
multimers (1 ,2). It is further known that a variety of 
factors may affect the size distribution of mollusc 
hemocyanins, including KLH (11,12). These factors 
include ionic strength, pH, temperature, p0 2 , and 
the availability of certain divalent cations, notably 
calcium and magnesium. 

Bladder cancer is the fourth most prevalent 
human malignancy, with about 49,000 new cases 
and 9,700 deaths reported annually (13). Whereas 
tumors in the bladder often can be removed by 
surgical resection, such treatment is not always 
curative. It has been reported that 50-80% of pa- 
tients whose tumors have been surgically removed 
will develop recurrent invasive disease (14). Thus, 
there is a need for therapeutic approaches not only 
to treat the primary disease but also to prevent 
recurrent malignancies. 
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Morales and associates (15) were the first to 
describe successful treatment of bladder cancer by 
intravesicular (i.e., into the bladder) administration 
of an immunotherapeutic agent, Bacillus Calmette- 

5 Guerin (BCG). Extensive additional studies during 
the past 15 years have shown that both primary 
and recurrent bladder tumors are responsive to 
immunotherapeutic treatment modalities in general, 
and BCG treatment in particular (16,17). 

10 KLH was first implicated as a potential im- 

munotherapeutic agent for bladder cancer in stud- 
ies by Olsson and associates (18) that disclosed a 
statistically significant reduction in the frequency of 
tumor recurrences in patients with low-stage blad- 

J5 der cancer who had received intradermal injec- 
tions of KLH. Subsequently, other investigators 
have described human clinical trials in which KLH 
administered intravesically was effective in reduc- 
ing the incidence of recurrent disease (19-21) or in 

20 treating primary tumors (22). The anti-tumor activity 
of KLH also has been demonstrated in an experi- 
mental animal model: the intralesional murine 
bladder tumor model of Lamm and associates (23- 
25). In this experimental model it has been ob- 

25 served that if the animals are not immunized sub- 
cutaneously with KLH prior to treatment, the anti- 
tumor activity was lost (25). Summarizing, KLH has 
been shown to have immunotherapeutic activity 
against bladder cancer, both in human clinical trials 

30 and in animal models. 

Despite extensive literature and prior art re- 
garding the structure and immunogenic and anti- 
tumor activity of KLH, there have been no studies 
that address the question of whether these two 

35 characteristics may be related or whether the im- 
munogenic activity of KLH could be enhanced. 
Thus, it is an object of the present invention to 
enhance the immunogenic and anti-tumor activity 
of KLH. 

40 The present invention is directed to a stabilized 

KLH composition in which (i) its intact non-deg- 
raded subunit is approximately 400,000 in molecu- 
lar weight based on SDS-PAGE analysis; and (ii) 
are contained at least about 50% didecameric or 

45 higher KLH multimers, based on sedimentation- 
equilibrium and/or sedimentation-velocity ultracen- 
trifugation analyses. The KLH composition is stabi- 
lized at 4 'C by dissolving and storing it in an 
isotonic buffer containing calcium and magnesium. 

so It is critical that the KLH not have been frozen or 
lyophilized during its preparation or storage, as 
such treatment reduces its anti-tumor activity, pre- 
sumably by altering the size distribution of KLH 
multimers. The KLH composition demonstrates en- 

55 hanced immunogenic activity, particularly en- 
hanced anti-tumor activity, which is reduced if the 
KLH is frozen or lyophilized. The KLH composition 
of the present invention exhibits enhanced anti- 
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tumor activity in a murine bladder tumor model and 
thereby represents a new and useful anti-tumor 
immunotherapeutic agent. 

The following abbreviations are used herein: 

p-KLH is purified KLH in which the KLH is in 
an isotonic buffer, the KLH has not been frozen or 
lyophilized during the purification process, and the 
p-KLH is not frozen or lyophilized. 

d-KLH is dissociated KLH in which the mul- 
timers existing in p-KLH have been dissociated. 

f-KLH is frozen KLH in which the p-KLH was 
frozen for at least 24 hours. 

l-KLH is lyophilized KLH in which p-KLH was 
lyophilized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows SDS-PAGE analysis of KLH 
[the method of Laemmli et al. (26) under reducing 
conditions; 5% to 15% polyacrylamide gradient; 
Coomassie blue R-250 staining]. Lane 1, p-KLH; 
lane 2, d-KLH; lane 3, f-KLH; lane 4, l-KLH. Molecu- 
lar weight markers (kDa) are shown at left. 

Figure 2 shows electron microscopy of KLH. 
Panel A, p-KLH; panel B, d-KLH; panel C: f-KLH; 
panel D: l-KLH. 

Figure 3 shows size distribution of KLH by 
sedimentation-velocity ultracentrifugation. Samples 
were diluted 1:10 with PBS and centrifuged at 
57,000 x g at ambient temperature in a Beckman 
Model E analytical ultracentrifuge equipped with a 
photoelectric scanner. S values were determined 
by the method of Van Holde et al. (27). 

Figure 4 shows the rate of tumor outgrowth for 
p-KLH in a dose-response experiment. P-KLH was 
given intravesical^ to mice inoculated on day 0 
with MB-49 bladder tumor cells. O Vehicle control; 
p-KLH dosages: A 10 ug; o 50 ug; • 100 ug; a 
500 ug); ■ 1000 ug. * Significantly different from 
control (p < 0.01; Fisher's Exact); ** significantly 
different from control (p < 0.001; Fisher's Exact). 

Figure 5 shows the rate of tumor outgrowth at 
the 10 ug dose level. The indicated forms of KLH 
were given intravesical^ to mice inoculated on day 
0 with MB-49 bladder tumor cells. O Vehicle con- 
trol; A KLH control (immunized with vehicle/treated 
with p-KLH); • p-KLH; \ d-KLH; ■ f-KLH; ♦ l-KLH. * 
Significantly different from control (p < 0.09; Fish- 
er's Exact). 

Figure 6 shows the rate of tumor outgrowth at 
the 100 ug dose level. The indicated forms of KLH 
were given intravesical^ to mice inoculated on day 
0 with MB-49 bladder tumor cells. O Vehicle con- 
trol; A KLH control (immunized with vehicle/treated 
with p-KLH); • p-KLH; a d-KLH; ■ f-KLH; ♦ l-KLH. * 
Significantly different from control (p < 0.09; Fish- 
er's Exact).; " significantly different from control (p 
< 0.01; Fisher's Exact). 



The present invention is directed to a KLH 
composition which has enhanced anti-tumor activity 
against bladder cancer. The composition comprises 
KLH in a physiologically acceptable isotonic buffer. 

s The isotonic buffer preferably contains calcium and 
magnesium. The KLH in the composition of the 
present invention comprises (i) an intact, non-deg- 
raded subunit of approximately 400,000 in molecu- 
lar weight based on SDS-PAGE analysis, and (ii) at 

10 least about 50% didecameric or higher KLH mul- 
timers. The didecameric or higher KLH multimers 
have molecular weights of approximately 8-10 mil- 
lion with sedimentation coefficients of about 92- 
107S. The amount of didecameric or higher KLH 

75 multimers present is based on sedimentation-equi- 
librium and/or sedimentation-velocity ultracen- 
trifugation analyses. It is critical that the KLH not be 
frozen or lyophilized at any time during the isola- 
tion, preparation or purification of the KLH or during 

20 preparation and storage of the KLH composition. 
The KLH composition is stored at 2-10 °C, prefer- 
ably 4 »C. The KLH composition is highly stable 
under these conditions. The concentration of KLH 
in the KLH composition is 0.1-20 mg/ml, preferably 

25 2-10 mg/l, and most preferably 5 mg/ml. 

The KLH composition of the present invention 
demonstrates an enhanced anti-tumor activity 
against bladder cancer. This enhanced activity is 
reduced if the KLH or KLH composition is frozen or 

30 lyophilized at any time during the preparation 
and/or storage of KLH or the KLH composition. The 
enhanced activity is seen (a) with injection of KLH 
(without adjuvant), (b) with KLH used as an ad- 
juvant, (c) with KLH used as a carrier immunogen 

35 for haptens or weakly immunogenic antigens, and 
(d) with KLH used as an anti-tumor agent. The KLH 
composition of the present invention exhibits en- 
hanced anti-tumor activity for many tumors, includ- 
ing but not limited to bladder tumors. The KLH 

40 composition is administered to patients with tumors 
in accordance with techniques known in the art, 
preferably by intravesical administration, after sub- 
cutaneous immunization (25) using an anti-tumor 
effective amount of the KLH composition. That is, 

45 in the preferred embodiment, the patient is first 
immunized by subcutaneous administration of the 
KLH composition of the present invention and then 
treated on a weekly basis by intravesical admin- 
istration of the KLH composition. 

so The KLH is purified from freshly collected 

hemolymph by conventional procedures. It is criti- 
cal that the hemolymph and/or KLH not be frozen 
or lyophilized at any point during the purification of 
the KLH. It is also critical that the purified KLH not 
55 be frozen or lyophilized. The purified KLH is stabi- 
lized by storage in an isotonic buffer containing 
calcium and magnesium at about 4°C. One meth- 
od suitable for purifying and storing KLH is de- 
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scribed in Example 1 below. However, it is under- 
stood that other methods can be utilized which 
meet the above criteria. 

The present invention is described by refer- 
ence to the following Examples, which are offered 
by way of illustration and are not intended to limit 
the invention in any manner. Standard techniques 
well known in the art or the techniques specifically 
described below were utilized. 

EXAMPLE 1 

Purification of KLH 

A saturated ammonium sulfate slurry made 
from freshly-collected hemolymph and containing 
approximately 30 mg/mL KLH was purchased from 
Pacific Biomarine Laboratories, Inc., Venice, Cali- 
fornia. The hemolymph was collected according to 
the guidelines of Vandenbark and associates (28): 
Limpets were cleaned, incised, and bled at 4° C 
for approximately one hour. No massaging was 
done to recover additional hemolymph. KLH was 
precipitated by addition of solid ammonium sulfate 
to 65% saturation (430 g/L). The ammonium sulfate 
slurry was collected by centrifugation, and yielded 
a solution containing approximately 30-40 mg/mL 
protein. This solution was diluted to approximately 
10-20 mg/mL with a phosphate-buffered saline 
(PBS) solution containing magnesium and calcium 
[KH2PO4 (1.5 mM), Na 2 HPCWH 2 0 (8.1 mM), 
NaCI (136.9 mM), KCI (2.7 mM), CaCI 2 «2H 2 0 (0.9 
mM), and MgCI 2 .6H 2 0 (0.5 mM); pH = 7.3-7.5]. 
Particulates and undissolved protein were removed 
by centrifugation at low speed (approximately 
1,000-3,000 x g) for 20 min. The supernatant, 
which contained dissolved KLH, was centrifuged at 
41,400 x g for 12-18 hours. The pellet, which 
consisted primarily of high-molecular-weight KLH, 
was dissolved in PBS and recentrifuged at 41 ,400 
x g as above. The resultant pellet was again dis- 
solved in PBS, adjusted to a final concentration of 
5 mg/mL, sterilized by ultrafiltration through a 
microporous membrane, and stored at 4* C. This 
KLH solution is hereinafter referred to as purified 
KLH (p-KLH). 

It will be understood by practitioners having 
ordinary skill in the art that the concentrations of 
buffer ions and chloride salts specified in the fore- 
going PBS solution may be adjusted in a variety of 
combinations such that the ionic strength of the 
resultant solution remains approximately isotonic to 
mammalian cells. Thus, the PBS specification giv- 
en above is not intended to limit the scope of the 
present invention, but rather to serve as a guide in 
the formulation of a composition that optimally pre- 
serves the immunogenicity and anti-tumor activity 
of KLH. It is further understood that a non-isotonic 



composition that nevertheless retains the important 
features of the present invention such as the pres- 
ence of stabilizing divalent cations or pH ranges 
compatible with the presence of intact non-deg- 

5 raded KLH subunits and at least about 50% 
didecameric or higher multimers would be within 
the intended scope of the present invention. 

It is of critical importance that p-KLH be pro- 
tected from freezing and not be lyophilized, as 

70 these phase changes cause damage to the KLH 
structure and activity, as shown below. 

EXAMPLE 2 

rs Preparation of Dissociated, Frozen and Lyophilized 
KLH 

Dissociated KLH (d-KLH) was produced by ad- 
dition to p-KLH of Tris-HCI (pH 8.8) and 

20 ethylenediamine tetraacetic acid to final concentra- 
tions of 50 mM and 10 mM, respectively. Frozen (f- 
KLH) was prepared by placing p-KLH for at least 
24 hrs in a freezer maintained at -20 'C. Lyophiliz- 
ed KLH (l-KLH) was prepared by freeze-drying p- 

25 KLH in a Labconco® Model 75040 Freeze Dryer 8 
according to the manufacturer's instructions. 

EXAMPLE 3 

30 Characterization of Non-Native, Denatured Subunit 
Structures by SDS-PAGE 

Sodium dodecylsulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) was used to assess 

35 the size and purity of the KLH subunit. The results 
(Figure 1) disclosed a major protein band at 
=400,000 Da, with minor protein bands, constituting 
<2% of the total, migrating at lower molecular 
weights. Since all four KLH preparations exhibited 

40 similar banding profiles, it is concluded that the 
processes of dissociating, freezing, or lyophilizing 
KLH do not affect its subunit structure. N.B. The 
molecular weight estimate of the KLH subunit by 
SDS-PAGE is known to be reliable, but anoma- 

45 lously low compared to estimates from other tech- 
niques such as sedimentation-equilibrium ultracen- 
trifugation. 

EXAMPLE 4 

50 

Characterization of Subunit Structures by EM 

Electron microscopy (EM) was used to deter- 
mine the effect of dissociation, freezing, and 
55 lyophilization on KLH structure. As is evident in 
Figure 2A, KLH purified according to the method of 
the present invention consists primarily of 
didecameric or higher multimers. Dissociated KLH 
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(Figure 2B) consists entirely of monomeric or 
dimeric subunits. Frozen and lyophilized KLH (Fig- 
ures 2C and 2D) exhibit a markedly different ap- 
pearance, with substantially fewer didecamers, and 
an increased proportion of decameric and smaller 
structures. That is, the f-KLH or l-KLH preparations 
contain substantially less than 50% didecameric or 
higher multimers. 

EXAMPLE 5 

Characterization of Native Solution Structures by 
Velocity Ultracentrifugation" 

Sedimentation-velocity ultracentrifugation anal- 
yses disclosed major effects of dissociating, freez- 
ing, or lyophilizing KLH on the solution structure 
(Figure 3). Whereas p-KLH was found to consist of 
approximately 73% didecameric multimers, d-KLH, 
f-KLH, and l-KLH contained 0%, 13% and 23%, 
respectively, of this form. It also will be evident 
from the data in Figure 3 that f-KLH and l-KLH 
exhibited a marked shift from didecameric to de- 
cameric forms that was accompanied by a substan- 
tial increase in d-KLH. Such dramatic changes in 
quaternary structure, merely upon freezing or 
lyophilization, were unexpected, and may influence 
the immunogenicity of the protein (see below). 

EXAMPLE 6 

Dose-Response Relationship of p-KLH in an In- 
travesical Murine Bladder Tumor Model 

The dose-response relationship between the 
amount of KLH administered and its anti-tumor 
effect was determined for p-KLH in the intravesical 
murine bladder tumor model of Shapiro et al. (29). 
Mice were immunized subcutaneously (footpad) 
with 200 ug of p-KLH three weeks prior to tumor 
implantation. On Day 0, mice were anesthetized 
(Na pentobarbital, 0.05 mg/g), catheterized, the 
bladder was cauterized, and 2 x 10* MB-49 blad- 
der tumor cells (provided by G. Chodak, University 
of Chicago, Chicago, Illinois; 30) were instilled into 
the bladder in 0.1 mL of PBS. On Day 1, mice 
were assigned randomly to treatment groups con- 
taining 10 mice/group. On Days 1, 7, and 14, mice 
were anesthetized and catheterized to receive the 
indicated doses of p-KLH. The control group was 
treated s.c. (footpad) on Day -21 and intravesical^ 
on Days 1, 7, and 14 with equivalent volumes of 
the vehicle. The response variable in this tumor 
model is tumor outgrowth, which is detected by 
palpation and confirmed in selected animals at 
autopsy. 

Mice were monitored for tumor outgrowth 
weekly for at least 4 weeks. At the end of the test 



period, the mice were sacrificed and the presence 
or absence of bladder tumors was verified macro- 
scopically or by histological examination, as re- 
quired. 

5 As shown in Figure 4, there was a dose-depen- 

dent delay in tumor onset and reduction in tumor 
incidence among the treated groups, with maximal 
anti-tumor activity among groups receiving 100- 
1000 ug of p-KLH (the KLH composition of the 

w present invention having enhanced immunogenic 
activity). At the four-week time point, significant 
differences (Fisher's Exact) between control vs. ex- 
perimental animals were observed. Thus, 10 ug of 
the p-KLH composition represents a suboptimal 

75 dosage, and dosages of 100 ug or greater of the p- 
KLH composition are efficacious in this animal 
model. 

EXAMPLE 7 

20 

Comparison of p-KLH, d-KLH, f-KLH and l-KLH 
Anti-Tumor Activity in an Intravesical Murine Blad- 
der Tumor Model 

25 The intravesical murine bladder tumor model of 
Shapiro et al. (29) again was used to determine 
anti-tumor activity. Two or three weeks prior to 
tumor implantation, female mice (6-10 weeks; 20- 
30 g) were immunized subcutaneously (s.c; foot- 
so pad) with p-KLH. On Day 0, the mice were anes- 
thetized (Na-pentobarbital, 0.05 mg/g), catheter- 
ized, and bladders were cauterized and instilled 
with 2x10* MB-49 bladder tumor cells (30) in 0.1 
mL of phosphate-buffered saline solution (PBS). On 
35 Day 1, mice were randomly sorted into groups of 
10 animals each. Control animals either were im- 
munized and treated with the vehicle (vehicle con- 
trols) or were immunized with the vehicle and treat- 
ed with p-KLH (KLH controls). All experimental 
40 groups were immunized with KLH and treated ei- 
ther with 10 ug or 100 ug instillations. As in the 
previous example, the response variable in this 
tumor model is tumor outgrowth, which is detected 
by palpation and confirmed in selected animals at 
45 autopsy. 

The effect of different forms of KLH admin- 
istered at two dose levels was determined among 
the four different KLH preparations at suboptimal 
(10 ug) and optimal (100 ug) dosages. Two weeks 
50 prior to tumor implantation, female mice (6-10 
weeks; 20-30 g) were immunized s.c. (footpad) with 
200 ug of p-KLH. On Day 0, the mice were inocu- 
lated intravesically with 2 x 10* MB-49 bladder 
tumor cells as above. On Day 1, mice were ran- 
55 domly sorted into groups of 10 animals each. Con- 
trol animals either received sham treatment with 
the vehicle or were sham-immunized with the ve- 
hicle and treated with KLH. Experimental were 
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treated either with 10 ug or 100 ug instillations of 
KLH from each of the four preparations. 

The results for mice receiving the 10 ug dos- 
age are summarized in Figure 5. By four weeks 
post-inoculation, palpable tumors were present in 
70% of mice in the vehicle or KLH-control groups. 
Immunized mice that were treated with 10 ug of p- 
KLH or d-KLH exhibited significantly fewer tumors 
(p < 0.09; Fisher's Exact) than either of the control 
groups. Immunized mice that received f-KLH or I- 
KLH did not experience a significantly reduced rate 
of tumor outgrowth (p > 0.01; Fisher's Exact). Maxi- 
mal anti-tumor activity of a suboptimal dose of the 
p-KLH composition was noted, particularly at 2-4 
week time points. 

The results for mice receiving the 100 ug 
dosage are summarized in Figure 6. By four weeks 
post-inoculation, palpable tumors were present in 
70% of mice in the vehicle or KLH-control groups. 
Experimental groups that were treated with 100 u.g 
of p-KLH exhibited significantly fewer tumors (p < 
0.01; Fisher's Exact) than either of the control 
groups. Immunized mice treated with dissociated 
or frozen KLH also experienced significantly re- 
duced tumor outgrowth at this dosage (p < 0.09; 
Fisher's Exact). Mice treated with lyophilized KLH 
did not experience a significantly reduced rate of 
tumor outgrowth (p > 0.01; Fisher's Exact). Maxi- 
mal anti-tumor activity of an efficacious dose of the 
p-KLH composition was noted, particularly at 2-4 
week time points. 

These results demonstrate that (although they 
retain some measure of anti-tumor activity) dissoci- 
ated, frozen or lyophilized preparations of KLH are 
less potent than a solution of KLH that has been 
protected from such phase changes. Thus, the KLH 
composition of the present invention demonstrates 
enhanced immunogenic activity, particularly en- 
hanced anti-tumor activity. 

It will be appreciated that the methods and 
compositions of the instant invention can be incor- 
porated in the form of a variety of embodiments, 
only a few of which are disclosed herein. It will be 
apparent to the artisan that other embodiments 
exist and do not depart from the spirit of the 
invention. Thus, the described embodiments are 
illustrative and should not be construed as restric- 
tive. 
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Claims 

1. A keyhole limpet hemocyanin (KLH) composi- 
tion having enhanced immunogenic activity for 
use in therapy, characterized in that it com- 



prises KLH and a physiologically acceptable 
isotonic buffer, said KLH comprising (i) an in- 
tact, non-degraded subunit of approximately 
400,000 in molecular weight by SDS-PAGE, 
5 and (ii) at least about 50% didecameric or 

higher multimers of said subunit by analytical 
ultracentrifugation. 

2. A KLH composition according to claim 1 , char- 
w acterized in that said buffer contains calcium 

and magnesium. 

3. A KLH composition according to claim 1 or 2, 
characterized in that the composition is at a 

75 temperature of 2 • C to 1 0 • C. 

4. A KLH composition according to claim 3, char- 
acterized in that the temperature is 4° C. 

20 5. A KLH composition according to any of claims 
1-4, characterized in that the concentration of 
the KLH is about 0.1 to about 20 mg/ml. 

6. A KLH composition according to claim 5, char- 
25 acterized in that the concentration of KLH is 

about 2 to about 10 mg/ml. 

7. A KLH composition according to claim 6, char- 
acterized in that the concentration of KLH is 5 

30 mg/ml. 

8. A method for the preparation of the KLH com- 
position according to claims 1-7, characterized 
in that KLH is isolated and purified in the 

35 absence of freezing or lyophilisation, and that 

the purified KLH is dissolved in said isotonic 
buffer. 

9. A method for the production of a medicament 
40 for the treatment of bladder cancer, character- 
ized in that a KLH composition according to 
claims 1-7 is used. 
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